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(54) Vaccines for treating colon cancer 

(57) A vaccine, useful for fertility control and cancer 
treatment, comprises an antigenic conjugate of a protein 
reproductive hormone, a fragment of such a hormone, 
or a peptide substantially immunologically equivalent to 
such a hormone or fragment conjugated with a chemi- 
cally-modified diphteria toxoid, and an adjuvant both 
dispersed in an aqueous medium and emulsified with a 
mixture of oils. An antigenic conjugate which can be 



used in this or a similar vaccine, comprises a protein 
reproductive hormone, a fragment of such a hormone, 
or a peptide substantially immunologically equivalent to 
such a hormone or fragment, coupled to an epitope pep- 
tide having the sequence of at least one T cell lym- 
phocyte epitope of a protein foreign to the animal to be 
treated with the conjugate, or a sequence substantially 
immunologically equivalent to such an epitope. 
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Description 

[0001] This invention relates to a vaccine comprising an antigenic conjugate of a protein reproductive hormone, and 
to an antigenic conjugate of a protein reproductive hormone comprising an epitope peptide. 

5 [0002] In the present inventor's United States Patents Nos. 4,201 ,770; 4,302,386; 4,384,995; 4,526,71 6; 4,691 ,006; 
4,71 3,366; 4,855,285; and 5,006,334; in his copending Applications Serial Nos. 07/390,530 and 07/311 ,331 filed August 
7, 1989 and February 17, 1989 respectively; in his International Patent Application PCT/US83/00777; and in his nu- 
merous corresponding patents and applications in other countries, there are described and claimed antigenic polypep- 
tides which are obtained by coupling a female protein reproductive hormone, a fragment of such a hormone, or a 

10 peptide substantially immunologically equivalent to such a hormone or fragment, to a non-endogenous material having 
a size sufficient to elicit antibody response following the administration thereof into the body of a human or other 
mammal. When administered to humans or other mammals, these antigenic polypeptides cause the development of 
antibodies to the female protein reproductive hormone from which they are derived, and the antigenic polypeptides 
are thus useful for controlling biological activity in humans or other mammals. The biological activity controlled can be, 

15 inter alia, fertility or the development of malignant tumors. In a preferred form of such antigenic polypeptides, the carrier 
is diphtheria toxoid. The aforementioned patents and applications, the contents of which are herein incorporated by 
reference, also disclose vaccines containing the antigenic polypeptides together with an adjuvant and an oil, the anti- 
genic polypeptide and the adjuvant being dispersed in an aqueous medium to form an aqueous phase and this aqueous 
phase being emulsified with the oil. 

20 [0003] This invention provides an improved form of the vaccine described in the aforementioned patents and appli- 
cations. This invention also provides an antigenic conjugate of a protein reproductive hormone which is generally similar 
to the conjugates described in the aforementioned patents and applications but which uses a different type of non- 
endogenous material. 

[0004] In one aspect, this invention provides a vaccine comprising an antigenic conjugate of a protein reproductive 

25 hormone, a fragment of such a hormone, or a peptide substantially immunologically equivalent to such a hormone or 
fragment; an adjuvant; and at least one oil, the conjugate and adjuvant being dispersed in an aqueous medium to form 
an aqueous phase and this aqueous phase being emulsified with the oil(s). This vaccine is characterized in that the 
antigenic conjugate comprises the hormone, fragment or peptide conjugated with a chemically-modified diphtheria 
toxoid, and the aqueous phase is emulsified with an oil or mixture of oils. 

30 [0005] This invention also provides a process for generating antibodies to a protein or reproductive hormone and/or 
for generating lymphoma cells capable of expressing such antibodies by administering to a mammal a vaccine of the 
invention and recovering the antibodies and/or lymphoma cells from the mammal. The invention extends to antibodies 
to a protein or reproductive hormone, lymphoma cells capable of expressing such antibodies, and hybridoma cells 
derived from lymphoma cells generated by this process. 

35 [0006] This invention also provides the use of such a vaccine for treating humans suffering from a malignant disease, 
[0007] In another aspect, this invention provides an antigenic conjugate of a protein reproductive hormone, a frag- 
ment of such a hormone, or a peptide substantially immunologically equivalent to such a hormone or fragment, this 
conjugate being characterized in that the hormone, fragment or peptide is coupled to an epitope peptide having the 
sequence of at least one T cell lymphocyte epitope of a protein foreign to the animal to be treated with the conjugate, 

40 or a sequence substantially immunologically equivalent thereto. 

[0008] This invention provides the use of such an antigenic conjugate to control fertility, or treat a malignant disease, 
in humans. 

[0009] This invention also provides a process for preparing antibodies to a protein reproductive hormone, or lym- 
phoma cells capable of expressing such antibodies, which process comprises introducing into a mammal a modified 

45 polypeptide, thereby causing the formation of the antibodies in the mammal, and recovering the antibodies or lymphoma 
cells from the mammal. This process is characterized in that the modified polypeptide used is an antigenic conjugate 
of the present invention. The invention extends to antibodies to a protein or reproductive hormone, lymphoma cells 
capable of expressing such antibodies, and hybridoma cells derived from lymphoma cells generated by this process. 
[0010] This invention also provides a process for determining the presence or absence of a protein in a mammal, or 

50 assaying the quantity of a protein in a mammal, which process comprises bringing body tissue or fluid from the mammal 
into contact with an antibody capable of reacting with the protein, and observing the formation or non-formation of a 
complex between the antibody and the protein. This process is characterized in that the antibody used is produced by 
the process defined in the preceding paragraph. 

[0011] Finally, this invention also extends to the use of an antibody produced by the process defined above to treat 
55 disease in a mammal. 

Figure 1 shows the formulae of three coupling agents used to prepare the conjugates of the present invention; and 
Figure 2 shows a typical reaction used to prepare conjugates of the present invention, together with examples of 
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the modified polypeptides produced by such conjugation reactions. 

[001 2] As already mentioned, the present invention provides a vaccine comprising the antigenic conjugate of a protein 
reproductive hormone conjugated with a chemically-modified diphtheria toxoid. The vaccine also comprises an adjuvant 

5 and a mixture or oils. To form the vaccine, the conjugate and adjuvant are dispersed in an aqueous medium, preferably 
phosphate-buffered saline, to form an aqueous phase and this aqueous phase is emulsified with the mixture of oils. 
[0013] As compared with the inventor's earlier vaccines described in the aforementioned patents and applications, 
the vaccine of the present invention exhibits an improved ability to attract immune cells to the injection site, and thus 
to generate the desired antibody response from the human or other animal being treated. Preferred embodiments of 

10 the present vaccine also form a thick emulsion which slowly releases the antigenic conjugate from the injection site, 
. thus providing a desirable long term development of antigenic response. 
[0014] Diphtheria toxoid suitable for use in the vaccines of the present invention is available commercially, for ex- 
ample from Connaught Laboratories, Swiftwater, Massachusetts; such diphtheria toxoid may be reacted with ethylen- 
ediamine as described below. The ratio of reproductive hormone, fragment or peptide to conjugate in the vaccine can 

15 vary widely, but desirably, the antigenic conjugate comprises 20-30 peptides per 1 0 5 daltons of the chemically-modified 
diphtheria toxoid. 

[0015] A preferred adjuvant for use in the vaccines of the present invention is N-acetyl-D-glucosamine-3-yl-acetyl- 
L-ala-D-isoglutamine (nor muramyl dipeptide), while a preferred mixture of oils comprises squalene and squalane, 
desirably containing one or both of mannide monooleate and dissolved or suspended aluminum monostearate. Pref- 

20 erably, such a mixture comprises, by weight, from 35 to 45 percent of squalene, from 35 to 45 percent of squalane, 
from 6 to 1 6 percent of mannide monooleate and from 1 to 5 percent of aluminum monostearate, with a specific preferred 
formulation being 44 percent squalene, 41 percent squalane, 11 percent mannide monooleate and 4 percent dissolved 
or suspended aluminum monostearate. Although the ratio of the various constituents of the vaccine can vary widely, 
desirably, from about 0.5 to about 2,0 mg of the antigenic conjugate and from about 0,2 to about 1 .0 mg of the adjuvant 

25 are present per ml of the final emulsion. Conveniently, the vaccine comprises substantially equal volumes of the aque- 
ous phase and the mixture of oils. 

[0016] The vaccines of the present invention can be used for any of the purposes described in the aforementioned 
patents and applications, including fertility control. However, the present vaccines are especially useful for the treatment 
of humans (or other animals) suffering from a malignant disease, for example breast cancer, lung cancer, colon cancer, 
30 malignant melanoma or bladder carcinoma. 

[0017] The vaccines of the present invention have been found effective in attracting immune cells to the site of the 
injection, while the physical nature of the vaccine, which is a thick emulsion, also helps to ensure a slow release of the 
conjugate. 

[0018] Also as already mentioned, the present invention provides an antigenic conjugate of a protein reproductive 

35 hormone, a fragment of such a hormone, or a peptide substantially immunologically, equivalent to such a hormone or 
fragment coupled, typically at either its N-terminal or its C-terminal, to an epitope peptide having the sequence of at 
least one foreign T cell lymphocyte epitope, ora sequence substantially immunologically equivalent thereto. Conjugates 
formed with T cell epitopes tend to be cheaper to produce than the conjugates formed with complex carriers such as 
diphtheria toxoids described in the aforementioned patents and applications. Furthermore, because the T cell epitopes 

40 are much simpler in structure than diphtheria toxoid and similar complex carriers, T cell epitope conjugates are less 
likely to provoke hypersensitivity reactions. Until recently, the use of T cell epitopes in conjugates was counterindicated 
because genetic variations in outbred populations of humans or other animals responded to different T cell epitopes 
on foreign molecules, and when only a single T cell epitope was provided (as would normally be the case when using 
an antigenic conjugate) not all of the animals treated gave positive responses, thus rendering the T cell epitope con- 

45 jugate unreliable. However, recently certain T cell epitopes from foreign molecules have been shown not to be limited 
by such genetic restrictions, and the use of these T cell epitopes enables the preparation of conjugates and vaccines 
which give reliable antibody responses in genetically-diverse populations of humans and other animals. See, for ex- 
ample, Ho et al., Eur. J. Immunol., 20 477-483 (1990), and Partidos et al., J. Gen. Virology, 71. 2099-2105 (1990). 
[0019] Preferred epitope peptides for use in the conjugates of the present invention are those having a sequence 

50 corresponding to, or substantially immunologically equivalent to: 

a. amino acids 580-599 of tetanus toxoid: 

55 Asn-Ser-Val-Asp-Asp-Ala-Leu-De-Asn-Ser-Thr-Lys- 

Ile-Try-Ser-Tyr-Phe-Pro-Ser-Val 
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b. amino acids 830-844 of tetanus toxoid 

Gin-Try -II e-Lys- Ala- Asn-Ser-Lys-Phe- 
5 He-Gly-ne-Thr-CHu-Leu 

c. amino acids 91 6-932 of tetanus toxoid: 

10 

Pro-Giy-Ile-Asn-Gly-Lys-Ala-Ile-His-Leu-Val- 
Asn-Asn-Gln-Ser-Ser-Glu 

15 d. amino acids 947-967 of tetanus toxoid: 

Phe-Asn-Asn-Pbe-Thr-Val-Ser-Phe-Trp-Leu-Arg- 
Val-Pro-Lys-Val-Ser-Ala-Ser-His-Leu-Glu 

20 3 

e. amino acids 288-302 of measles virus protein: 

25 I^u-Ser-Glu-Ile-Lys-Gly-Val-Ile-Val-His-Arg-Leu-Glu-Gly-Val 

f. amino acids 16-33 of hepatitis B viral protein: 

30 Gln-Ala-Gly-Phe^he-Leu-I^u-Thr-Arg-Ile-^ 
or 

g. amino acids 317-336 of malaria CSP protein: 

35 Thr-Cys-Gly-Val-Gly-Val-Arg-Val-Arg-Ser- 

Arg-Val-Asn-AIa-Ata-Asn-Lys-Lys-Pro-Glu. 

As discussed in more detail below, the epitope peptide may be coupled directly to the hormone, fragment or peptide 
40 used to form the conjugate, or the coupling may be effected via a spacer peptide, this spacer peptide preferably 

containing from about 2 to about 8 amino acid residues. 

[0020] Like the vaccines of the present invention the T cell epitope conjugates of the present invention can be used 
for any of the purposes described in the aforementioned patents and applications, including fertility control, or the 

45 treatment of humans (or other animals) suffering from a malignant disease, for example breast cancer, lung cancer, 
colon cancer, malignant melanoma or bladder carcinoma. In some cases, it may be advantageous to use a mixture of 
two or more T cell epitope conjugates for this purpose in order to secure improved antibody production. 
[0021] Many of the preferred features of the vaccines and antigenic conjugates of the present invention are generally 
similar to those described in the aforementioned patents and applications. Accordingly, while these preferred, features 

50 will be discussed below, the reader is referred to these patents and applications for additional information. 

[0022] The protein reproductive hormone, a fragment of such a hormone, or a peptide substantially immunologically 
equivalent to such a hormone or fragment may be of natural or synthetic origin. A synthetic hormone molecule will 
perform the same function as the naturally occurring one, being equivalent for the purpose of this invention. In this 
connection, it will be noted that certain natural substances with which this invention is concerned possess carbohydrate 

55 moieties attached at certain sites thereon whereas the corresponding synthetic polypeptides do not. Nevertheless, for 
the purpose of the instant specification and claims, the synthetic and natural polypeptides are treated as equivalents 
and both are intended to be embraced by this invention. 

[0023] Thus, where the word "hormone" or "hormone molecule" is used herein, the word "synthetic" may be added 
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before "hormone" without changing the meaning of the discussion. Similarly, the word "fragment" may be inserted after 
"hormone" or "molecule" without changing the meaning, whether or not "synthetic" has been inserted before "hormone". 
[0024] The term "endogenous" is used herein to denote a protein which is native to the species to be treated, re- 
gardless of whether the relevant protein, fragment or antigen is endogenous to the particular individual animal being 

5 treated. Thus, for example, for purposes of this application, a porcine sperm antigen is regarded as being endogenous 
to a sow even though obviously such a sperm antigen will not normally be present in the body of a sow. Similarly, an 
embryonic, fetal or placental antigen of an animal is regarded as being endogenous to an adult animal of the same 
species even though such antigens may not exist in the body of the animals after birth. Further antigens produced from 
an animal's normal cells that have been transformed by mutagenous or other genetic deviation should be considered 

10 endogenous to the species in which those cells reside at the time of transformation or deviation. 

[0025] The antigenic conjugates of the invention, which are derived from endogenous protein reproductive hormones, 
fragments there of, or peptides equivalent thereto, provoke, when administered into the bodies of appropriate mammals, 
antibodies to the endogenous proteins from which the modified polypeptides are derived, and the formation of lym- 
phoma cells capable of expressing such antibodies. Consequently, not only can such conjugates be used to influence 

15 the biological activity in a mammal to which they are administered by generating antibodies to an endogenous protein 
in the mammal, but the conjugates of the invention can also be used to generate antisera and/or lymphoma cells by 
introducing the conjugates into the body of a mammal, thereby provoking the formation, in the mammal, of antibodies 
to the "endogenous protein"; note that in such a method, since the conjugate need not be introduced into the same 
mammal, or even a mammal of the same species, as the animal from which it is derived or, in the case of a conjugate 

20 based upon a synthetic fragment, the mammal whose protein it mimics, the so-called "endogenous protein" used in 
this method need not be endogenous to the mammal in which the antibodies are raised. 

[0026] Following the raising of the antibodies and/or lymphoma cells in the mammal, some of the antibodies and/or 
cells may be recovered from the mammal, using conventional techniques which will be familiar to those skilled in the 
art of immunology. Techniques generating monoclonal antibodies may also be used to generate the desired antibodies; 

25 for example, lymphoma cells generated as described above may be used to form hybridoma cells capable of expressing 
the relevant antibodies by conventional techniques which will be known to those skilled in hybridoma technology. The 
antibodies thus generated can then be used for a variety of purposes. For example, such antibodies may be used for 
assaying the quantity of an endogenous protein in a mammal by bringing at least some of the recovered antibodies 
into contact with body tissue or body fluid from the mammal and observing the formation or non-formation of the reaction 

30 process between the recovered antibody and the endogenous protein indicative of the presence or absence of the 
endogenous protein in the body tissue or body fluid assayed. If, in this method, the endogenous protein assayed is 
one associated with pregnancy, this assay method can function as a pregnancy test. If, on the other hand, the endog- 
enous protein assayed is one the presence or absence of which is associated with reduced fertility or infertility in the 
mammal from which the body tissue or body fluid is derived, the assay can function as a test for reduced fertility or 

35 infertility in such a mammal. 

Selection of Hormone, Fragment or Peptide for Modification . 

[0027] Examples of natural protein reproductive hormones which may be modified according to this invention include 

40 Follicle Stimulating Hormone (FSH), Luteinizing Hormone <LH), Luteinizing Hormone Releasing Hormone (LH-RH), 
relaxin, Chorionic Gonadotropin (CG), e.g. Human Chorionic Gonadotropin (HCG), Placental Lactogen, e.g. Human 
Placental Lactogen (HPL) and Prolactin, e.g. Human Prolactin. There are certain considerations which should always 
be borne in mind when considering the selection of an appropriate polypeptide for modification by the techniques of 
the instant invention. Firstly, it is of course necessary to determine which hormone or combination of hormones or other 

45 protein is responsible for the condition or problem which it is desired to treat. However, in many cases this will stilt 
leave one with a large number of possible proteins which could be modified by the techniques of the instant invention. 
For example, if one wishes to use the instant invention to provide a conjugate to render a female mammal infertile, 
one can approach the problem by modifying FSH, LH, LH-RH, CG, PL, relaxin or other protein hormones which known 
to be involved in the female mammalian reproductive system. One important consideration which should always be 

50 borne in mind in choosing a polypeptide for modification by the instant invention is the problem of cross-reactivity. As 
well known to those skilled in the field of immunology, it is not uncommon to find that antibodies intended to react with 
one protein (the "target" protein) also react to a significant extent with other, non-target proteins. This is a serious 
problem, since it may cause the administration of a conjugate intended to provoke the formation of antibodies to one 
specific natural hormone to cause the generation of antibodies to one or more other hormones, which it is not desired 

55 to effect. In some cases, the reactions with the non-target proteins may cause damage to essential body functions. 
Accordingly, so far as possible the hormone, fragment or peptide selected for modification by the instant invention 
should be chosen so that the conjugate will provoke, in the body of the mammal to be treated, the formation of antibodies 
which are highly specific to the target protein. In some cases, especially where the target protein is relatively small (for 
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example LH-RH), it may be in practice essential to modify the whole target protein, since a fragment comprising less 
than the whole target protein, will, even when modified by the instant techniques, fail to provoke sufficient antibodies 
to the target protein. However, in general, especially when dealing with relatively complex target proteins such as HCG, 
the use of a fragment of the target protein rather than the intact target protein is recommended for use in forming a 

5 conjugate of the instant invention. It is well recognized by those skilled in immunology (see e.g. W. R. Jones, "Immu- 
nological Fertility Regulation", Blackwell Scientific Publications, Victoria, Australia (1982) pages 11 et. seq., the entire 
disclosure of this work is herein incorporated by reference, that one of the greatest potential hazards of a vaccine, 
especially a contraceptive vaccine, is cross-reactivity with non-target antigens, producing what is essentially an artifi- 
cially-induced autoimmune disease capable of causing immunopathological lesions in and/or loss of function of, the 

to tissues carrying the cross-reactive antigens. Two possible mechanisms for such cross-reactivity are: 

(a) presence of shared antigenic determinants; a complex target protein may contain components (amino-acid 
sequences) identical to those present in non-target proteins; and 

(b) sterrc overlap between non-identical but structurally related parts of the target and non-target proteins. 

15 

[0028] Obviously, the threats posed by both these modes of cross-reactivity may be lessened by using, in the con- 
jugates of the invention, a fragment of a complex protein rather than the whole protein. Since the fragment has a simpler 
structure than the protein from which it is derived, there is less chance of shared antigenic determinants or steric overlap 
with non-target proteins. In particular, cross-reactions can be avoided by using fragments derived from a portion of the 

20 target protein which is not similar in sequence to the non-target but cross-reactive protein. To take one specific example, 
one of the major problems in provoking antibodies to HCG is cross-reactivity of HCG antibodies with LH, this cross- 
reactivity being at least largely due to virtual identity of amino acid sequence between LH and the 1-110 amino acid 
sequence of the beta subunit of HCG. Accordingly, when it is desired to form an HCG-derived conjugate of the invention, 
the fragment used is preferably one having a molecular structure similar to part or all of the 111-145 (or, for reasons 

25 discussed below, the 109-145) sequence of the beta subunit of HCG, since it is only this 111-145 sequence of beta- 
HCG which differs significantly from the corresponding sequence of LH. However, as discussed in more detail below, 
fragments of mammalian luteinizing hormones, chorionic gonadotropins or follicle secreting hormones having amino 
acid sequences resembling the 38-57 region of the beta-subunit or human chorionic gonadotropin are also useful in 
the present invention. 

30 . [0029] Thus, in most cases the polypeptide modified by the techniques of the instant invention is preferably a fragment 
of the target protein rather than the intact target protein. More accurately, one should use, as the fragment of a polypep- 
tide to be modified by the techniques of the invention, a fragment which has a molecular structure similar to a fragment 
of the target protein. In saying that the fragment has a molecular structure similar to a fragment of the target protein, 
it is not necessarily implied that the entire amino acid sequence of the fragment must correspond exactly to part of the 

35 sequence of the target protein. For example, in certain cases some substitution of amino acids may be possible without 
effecting the immunogenic character of the fragment. See the aforementioned U.S. Patent No. 4,302,386, which de- 
scribes a polypeptide, designated Structure (IX) (which is also discussed in detail below), which is notionally derived 
from the beta subunit of HCG but in which the cysteine residue at the 110-position is replaced by alpha-aminobutyric 
acid. Furthermore, although the natural form of the beta subunit of HCG contains a number of carbohydrate residues 

40 attached to the amino-acid chain, synthetic peptides corresponding in sequence to the relevant parts of the HCG 
sequence, but lacking such carbohydrate residues, can be modified to give conjugates of the instant invention and 
give good results. 

[0030] Although species specificity is of course a consideration in any immunological process, the present invention 
does not exclude the possibility of the hormone, fragment or peptide to be modified may actually be derived from a 
45 protein of a different species of mammal than the mammal to which the conjugate is to be administered, since many 
proteins are either identical between species or differ from one another so little in amino acid sequence that considerable 
cross-reactivity exists between antibodies to the corresponding proteins of the two species. Also, the fragments mod- 
ified by the instant processes may incorporate sequences of amino acids having no counterpart in the sequence of 
the protein from which the fragment is notionally derived. Again, for example, it is shown below that one may use in 
^50 the instant processes certain polypeptide fragments, designated Structures (IV), (VIII), (IX), (X) and (XIV) which are 
notionally derived from the beta subunit of HCG but which incorporate spacer sequences comprising multiple proline 
residues. 

[0031] Of course, one should be cautious when using sequences not exactly corresponding to portions of the target 
protein. For example, the protein relaxin is known to be highly species specific and accordingly it is not recommended 
55 that fragments of non-human relaxin proteins be modified by the instant methods and injected into humans to provoke 
the formation of antr-relaxin-antibodies in humans. In choosing an appropriate hormone, fragment or peptide for for- 
mation of a conjugate, amino-acid sequence is, however, not the only factor which has to be considered; it is also 
necessary to pay close attention to the conformation, that is to say the physical shape, of the protein, fragment or 
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peptide selected relative to the natural conformation of the target protein. It is well known to those skilled in the art of 
immunology that the conformation or shape of an antigen is an important factor in allowing recognition of the antigen 
by an antibody. Accordingly, if a conjugate of the instant invention does not retain the conformation of the relevant part 
of the target protein, it is likely that the antibodies provoked by injection of the conjugate into a mammal will not display 

5 optimum activity against the natural target protein. For example, a peptide having the same sequence as part of the 
target protein will probably not work very well jf, because of the absence of other parts of the sequence of the target 
protein which affect the positioning of the crucial antigenic determinant in the natural target protein, the fragment used 
to prepare the conjugate adopts a conformation very different from the conformation of the same amino acid sequence 
in the target protein. Similarly, because of the way in which the chain of a complex target protein will normally be folded, 

10 the antigen-antibody binding reaction may rely upon recognition of two or more amino acid sequences which are widely 
separated along the chain of the target protein but lie, in the natural conformation of the target protein, closely adjacent 
one another in space. All these considerations may enter into the question of what is the most appropriate hormone, 
fragment or peptide to use in the instant invention. 

[0032] As those skilled in the art are aware, one major factor effecting the conformation, and hence the antigenic 

15 properties and antigenic determinants, of complex proteins is the presence of cysteine residues and disulfide bridges 
in such proteins. It is well know to those skilled in the art that, in many natural proteins containing cysteine residues, 
these residues are not present in their thiol form containing a free -SH group. Instead, pairs of cysteine residues are 
linked by means of disulfide bridges to form cystine. Such disulfide bridges are very important in determining the 
conformation of the protein. In most cases, the disulfide bridges present in the natural form of the protein are easily 

20 reduced to thiol groups by means of mild reducing agents under conditions which leave the remaining parts of the 
protein molecule unchanged. Such breaking of disulfide bridges causes major changes in the conformation of the 
protein even though no disturbance of the amino acid sequence occurs. In particular, the twelve cysteine residues 
present in the beta subunit of HCG are, in the natural form of the subunit, coupled together to form six disulfide bridges, 
so that the natural form of the protein has no free thiol groups. 

25 [0033] The generation of free thiol groups by reduction of disulfide bridges in naturally occurring forms of proteins 
may affect the cross-reactivity of the antibodies produced when a conjugate derived from the protein or a fragment 
thereof is injected into an animal. As already mentioned, an antibody frequently recognizes its corresponding antigen 
not only by the amino acid sequence in the antigen but also by the conformation of the antigen. Accordingly, an antibody 
which binds very strongly to a protein or a peptide in its natural conformation may bind much less strongly, if at all, to 

30 the same protein or polypeptide after its conformation has been drastically altered by breaking disulfide bridges therein. 
[0034] Accordingly, the breaking of disulfide bridges in proteins or other polypeptides may provide a basisfor reducing 
the cross-reactivity between antibodies to antigens having the same amino acid sequence along parts of the molecule. 
For example, it has been pointed out above that cross-reaction is frequently encountered between antibodies to beta- 
HCG and HLH because the first 110 residues in the beta-HCG and HLH sequence are virtually identical in the natural 

35 forms of the two molecules, thus the conformations are also presumably very similar. It has been suggested above 
that one means of producing antibodies to beta-HCG in an animal which do not substantially cross-react with HLH is 
to supply to the animal a conjugate of the invention derived from a polypeptide which contains all or part of the residues 
111-145 of beta-HCG but which lacks all or substantially all of the residues 1-110 of beta-HCG. In effect, this approach 
avoids antibody cross-reaction with HLH by chemically removing from the conjugate the sequence of residues which 

40 is common to beta-HCG and HLH. As an alternative approach, by cleaving the appropriate number of disulfide bridges 
in the natural form of beta-HCG, it may be possible to so alter the conformation of residues 1-110 thereof that the 
antibodies formed when a conjugate of the invention based upon this altered-conformation beta-HCG is administered 
to an animal will no longer cross-react significantly with HLH. In other words, instead of chemically severing the common 
sequence of residues from beta-HCG in order to prevent cross-reaction, it may be possible to leave this common 

45 sequence of residues in the beta-HCG but to so alter the conformation of this common sequence that, to an antibody, 
the altered-conformation common sequence does not "look" like the natural form of the common sequence, so that an 
antibody which recognizes the altered-conformation common sequence will not recognize the natural-conformation 
common sequence in HLH. Moreover, once the natural conformation of the sequence of residues 1-110 has been 
destroyed by breaking the disulfide bridges, this common sequence will probably assume the helical conformation 

50 common in polypeptides lacking disulfide bridges, so that this part of the beta-HCG will not be strongly immunogenic 
and most of the antibodies formed by a conjugate based upon the altered-conformation beta-HCG will be antibodies 
to the sequence 111-145 which is not common with HLH. Obviously, cross-reactivity between antibodies to other pairs 
of hormones may similarly be destroyed by altering the conformation of portions of the two proteins which are similar 
and hence will otherwise promote antigen cross- re activity. 

55 [0035] At present, the preferred conjugates are those derived from CG (together with those derived from the some- 
what similar luteinizing and follicle secreting hormones), and those derived from relaxin. 
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Chorionic Gonadotropin and Related Hormones 

[0036] The hormone, Chorionic Gonadotropin (CG) has been the subject of extensive investigation, it being demon- 
strated in 1927 that the blood and urine of pregnant women contained a gonad-stimulating substance which, when 
injected into laboratory animals, produced marked gonadal growth. Later, investigators demonstrated with certainty 
that the Placental Chorionic villi, as opposed to the pituitary, were the source of this hormone. Thus, the name Chorionic 
Gonadotropin or, in the case of humans, Human Chorionic Gonadotropin (HCG) was given to this hormone of preg- 
nancy. During the more recent past, a broadened variety of studies have been conducted to describe levels of HCG 
in normal and abnormal physiological states, indicating its role in maintaining pregnancy. The studies have shown the 
hormone's ability to induce ovulation and to stimulate corpus luteum function, and evidence has been evoked for 
showing its ability to suppress lymphocyte action. The immunological properties of the HCG molecule also have been 
studied widely. Cross-reaction of antibodies to HCG with human pituitary Luteinizing Hormone (LH), and vice-versa, 
has been extensively documented, see for example: 

Paul, W. E. & Ross, F. T, Immunologic Cross Reaction Between HCG and Human Pituitary Gonadotropin. Endo- 
. crinology, 75, 352-358 (1964); 

Flux, D. X. & Li C. H., Immunological Cross Reaction Among Gonadotropins. Acta Endocrinologic, 48, 61 -72 (1 965); 
Bagshawe, K. D.; Orr t A. H. & Godden J., Cross-Reaction in Radio-lmmunoassay between HCG and Plasma from 
Various Species. Journal of Endocrinology, 42, 513-518 (1968); 

Franchimont, P., Study on the Cross-Reaction between HCG and Pituitary LH. European Journal of Clinical Inves- 
tigation, 1, 65-68 (1970); 

Dorner, M.; Brossmer, R.; Hilgenfeldt, U. and Trude, E., Immunological reactions of Antibodies to HCG with HCG 
and its chemical derivatives in Structure-Activity Relationships of Proteins and Polypeptide Hormones (ed. M. 
Margoulies & F. C. Greenwood), pp 539, 541 Amsterdam: Excerpta Medica Foundation (1972); 

Further, these cross-reactions have been used to perform immunoassays for both CG and LH hormones. See: 

Midgley, A. R. Jr., Radioimmunoassay: a method for HCG and LH. Endocrinology, 79, 10-16 (1966); 
Crosignani, P G., Polvani, F. & Saracci R. ( Characteristics of a radioimmunoassay for HCG-LH in Protein and 
Polypeptide Hormones (ed. M. Margoulies) pp. 409, 411 Amsterdam: Excerpta Medica Foundation (1969); 
Isojima, S; Nake, O.; Kojama, K.; & Adachi, H. Rapid radioimmunoassay of human L H. using polymerized anti- 
human HCG as immunoadsorbent Journal of Clinical Endocrinology and Metabolism, 31 , 693-699 (1970). 

[0037] Although the entire CG hormone or a subunit thereof, for example the beta subunit, may be used in the present 
conjugate, in general it is preferred to use a peptide corresponding to only a fragment of the beta subunit. More spe- 
cifically, as already noted there is a large portion of the beta subunit of CG which is almost identical to the corresponding 
beta subunit of LH, so that it is desirable to use a fragment corresponding to a portion of the 111-145 sequence of the 
beta subunit of CG which is not common to LH, thereby avoiding the cross-reactivity of CG and LH antibodies already 
discussed above. Thus, an immunological reaction against the hormone CG can be achieved without causing unde- 
sirable immune reactions to the naturally occurring body constituent LH. Synthetic polypeptides corresponding to the 
desired fragments of CG offer enhanced practicality both from the standpoint of production costs and the high degree 
of purity needed for commercial use in a contraceptive agent. 

[0038] Subunits and fragments of the proteinaceous reproductive hormones include the beta subunit of natural Fol- 
licle Stimulating Hormone, the beta subunit of natural Human Chorionic Gonadotropin; fragments including, inter alia, 
a 20-30 or 30-39 amino acid peptide consisting of the C-terminal residues of natural Human Chorionic Gonadotropin 
beta subunit, as well as specific unique fragments of natural Human Prolactin and natural Human Placental Lactogen, 
which may bear little resemblance to analogous portions of other protein hormones. Further with respect to the type 
of novel chemical entities with which this invention is concerned, one may note for instance the chemical configuration 
of the beta subunit of HCG. That structure is as follows: 



Structure (I) 

Ser-Lys-Glu-Pro-Leu-Arg-Pro-Arg-Cys-Arg-Pro- 
Ilo-Asn-AIa-Thr-Leu-Ala-Val-Glu-Lys-Cau-Gly- 
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Cys-Pro-Val-Cys-Ile-Thr-Val-Asn-Thr-Thr-Iie- 
Cys-Ala-Qy-Tiy-Cys-Pro-Thr-MeNThr-Arg-Val- 
Leu-dn-Gly-Val-Leu-Pro-Ala-Leu-Pro-Gln-Val- 
Val-Cys-Asn-Try-Arg-Asp-Val-Arg-Phe-Glu-Ser- 
Ile-Arg-Leu-Pro-Gly-Cys-Pro-Arg-GIy-Val-Asn- 
Pro-Val-Val-Ser-Try-Ala-Val-AIa-Leu-Ser-Cys- 
Gln-Cys-Ala-Leu-Cys-Arg-Arg-Ser-Thr-Thr-Asp- 
Cys-Gly-GJy-Pro-Lys-Asp-His-Pro-Leu-Thr-Cys- 
Asp*Asp-Pro-Arg-Phe-C3n-Asp-Ser-Ser-Ser-Ser- 
Lys-Ala-Pro-Pro-Pro-Ser-Leu-Pro-Ser-Pro-Ser- 
Arg-Leu-Pro-Gly-Pro-Ser-Asp-Thr-Pro-Ile-Leu- 
Pro-Gin 

[0039] For specificity of antibody action it is necessary that distinctive peptides be isolated or prepared that contain 
molecular structures completely or substantially completely different from the other hormones. The beta subunit of 
HCG possesses a specific chain or chains of amino acid moieties which differ either completely or essentially from the 
polypeptide chain of Human Luteinizing Hormone. These chains or fragments, when conjugated with a carrier, represent 
an additional aspect of this invention. Accordingly, the polypeptide Structures (II) and (III) [C-terminal portions of struc- 
ture I] 

Structure (H) 
Asp- Asp-Pro- Arg-Phe-Gln-Asp-Ser-Ser-Ser-Ser- 
Lys-Ala-Pro-Pro-Pro-Ser-Leu-Pro-Ser-Pro-Ser- 
Arg-Leu-Pro-Gly-Pro-Ser-Asp-Thr-Pro-Ile-Leu- 
Pro-Gta 

Structure (EH) 
Gln-Asp-Ser-Ser-Ser-Ser-Lys-AIa-Pro-Pro-Pro- 
Ser-Leu-Pro-Ser-Pro-Ser-Arg-Leu-Gly-Pro-Ser- 
Asp-Thr-Pro-Ile-Leu-Pro-Gln 

whether obtained by purely synthetic methods or by enzymatic degradation from the natural or parent polypeptide, 
[Carlson et al., J. Biological Chemistry, 284 (19), 6810, (1973)] when modified according to this invention, similarly 
provide materials with antigenic properties sufficient to provide the desired immunological response. 
[0040] The beta subunit set forth at structure (I) is seen to represent a chemical sequence of 145 amino acid com- 
ponents. This structure has a high degree of structural homology with the corresponding subunit of Luteinizing Hormone 
(LH) to the extent of the initial 110 amino acid components. As indicated above, it may be found desirable, therefore 
to evoke a high specificity to the Chorionic Gonadotropin hormone or an analogous entity through the use of fragments 
analogous to the C-terminal, 111-145 amino acid sequence of the subunit. Structure (II) above may be observed to 
represent just that sequence. Structure (III) is slightly shorter, representing the 11 6-1 45 amino acid positions within the 
subunit sequence. 

[0041] Further polypeptide chains useful in the present antigenic conjugates to promote antibody build-up against 
natural CG include the following structures labeled Structures (IV)-(XIV). In the present conjugates, these polypeptides 
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provide immunogenic activity against HCG. All of these polypeptides are considered fragments of HCG by of their 
substantial resemblance to the chemical configuration of the natural hormone and the immunological response provided 
by them when modified by the instant processes. 

Structure (TV) 
Cys-Pro-Pro*Pro-Pro-Pro-Pro-Ser-Asp-Thr-Pro- 
He-Leu-Pro-GHn 



Structure (V) 
Asp-Asp-Pro- Arg-Phe-Gln-Asp-Ser-Pro-Pro-Pro- 
Pro-Pro-Pro-Cys 

Structure (VI) 
Phe-Gin-Asp-Ser-Ser-Ser-Ser-Lys- Ala-Pro-Pro- 



Pro-Ser-Leu-Pro-Ser-Pro-Ser-Arg-Leu-Pro-Gly- 
Pro-Ser-Asp-Thr-Pro-Ile-Leu-Pro-Gln 



Structure (VII) 
Asp-Asp-Pro-Arg-Phe-Gln-Asp-Ser-Ser-Ser-Ser- 
Ly s- Al a-Pro -Pro-Pro-S er-Leu-Pro- S er 



Structure (VIII) 
Asp-Asp-Pro-Arg-Phe-GIn-Asp-Ser-Pro-Pro-Pro- 
Cys-Pro-Pro-Pro-SeT-Asp-Thr-Pro-Ile-Leu-Pro-Gln 



Structure (VlUa) 
Asp-Asp-Pro- Arg-Phe-Gln-Asp-Ser-Pro-Pro-Pro- 
Pro-Pro-Pro-Cys-Pro-Pro-Pro-Pro-Pro-Pro-Ser- 
Asp-Thr-Pro-He-Leu-Pro-Gln 
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5 Asp-His-Pro-Leu-Thr-Aia-Asp-Asp-Pro-Arg-Phe- 

Gln-Asp-Ser-Ser-Ser-Ser-Lys-Ala-Pro-Pro-Pro- 
Ser-Leu-Pro-Ser-Pro-Ser-Arg-Leu-Pro-G3y-Pro- 
Ser-Asp-Thr-Pro-He-Leu-Pro-Gln-Pra-Pro-Pro- 

10 

Pro-Pro-Pro-Cys 



'5 Structure (X) 

Asp-Asp-Pro*Arg-Phe-Gln-Asp-Ser-Ser-Scr-Ser- 

Lys-Ala-Pro-Pro-Pro-Ser-Leu-Pro-Ser-Pro-Ser- 
20 Arg-Leu-Pro-GIy-Pro-Ser-Asp-Thr-Pro-Ile-Leu- 

Pro-Gln-Pio-Pro-Pro-Pro-Pro-Pro-Cys 

25 Structure (XI) 

Asp-Asp-Pro- Arg-Phe-GIn-Asp-Ser-Ser-Ser-Ser- 
Lys-Ala-Pro-Pro-Pro-Ser-Leu-Pro-Ser-Pro-Ser- 
30 Arg-Lcu-Pro-Gly-Pro-Ser-Asp-Thr-Pro-Ile-Leu- 

Pro-Gln-Cys 

[0042] Structure (IV) will be recognized as incorporating a Cys component at the amino or N-terminal which is as- 

35 sociated with a proline spacer sequence. These spacers serve to position the sequence which follows physically distant 
from the carrier-modifier. The latter sequence may be observed to present the 138th to 145th amino acid sequence of 
the subunit Structure (I). Structure (V) on the other hand, represents an initial sequence corresponding with the 111th 
to 118th amino acid sequence of the subunit Structure (I) followed by sequence of six proline spacer components and 
a carboxyl terminal, present as cysteine. The rationale in providing such a spacer component is to eliminate sites which 

40 may remain antigenically neutral in performance. Structures (IV) and (V) represent relatively shorter amino acid se- 
quences to the extent that each serves to develop one determinant site. Consequently, as alluded to in more detail 
hereinafter, they are utilized in conjunction with a mixed immunization technique wherein a necessary two distinct 
determinants are provided by the simultaneous administration of two such fragments, each conjugated separately. 
Structure (VI) represents the 115th through 145th component sequence of structure (I). Structure (VII) represents a 

45 portion of Structure (I); however, essentially, a sequence of the 111th to 130th components thereof is formed. 

[0043] Structure (VIII) incorporates two sequences, one which may be recognized in Structure (V) and the other in 
Structure (IV). These two sequences are separated by two spacer sequences of proline components and one is joined 
with an intermediately disposed cysteine component which serves a conjugation function. With this arrangement, two 
distinct determinant sites are developed in physically spaced relationship to avoid the development of an unwanted 

50 artificial determinant possibly otherwise evolved in the vicinity of their mutual coupling. Structure (Villa) represents 
Structure (VIII) with additional proline spacer residues to provide a widened spacing of determinant sites. 
[0044] Structure (IX) mimics sequences from Structure (I) with the addition of a proline spacer sequence, a cysteine 
component at the C-terminal, and an Aba substituted for cysteine at the 110 position. The Aba designation is intended 
herein to mean alpha aminobutyric acid of Cysteine. Structure (X) will be recognized as a combination of Structure (II) 

55 with a six residue proline spacer sequence and a cysteine component at the C-terminal. Similarly, Structure (XI) com- 
bines Structure (II) with a cysteine component at the C-terminal without a proline spacer sequence. 
[0045] Other useful peptides include: 
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Structure (XII) 
Thr-Cys-Asp-Asp-Pro-Arg-Phe-Gln-Asp-Ser-Ser- 
5 Ser-Ser-Lys-Ala-Pro-Pro-Pro-Ser-Lcu-Pro-Ser- 

Pro-Ser-Arg-Leu-Pro-Gly-Pro-Ser-Asp-Thr-Pro- 
Ile-Leu-Pro-CHn 

10 

Structure pan) 
As^His-Pro-Leu-Thr-Aba-Asp-Asp-Pro-Arg-Hie- 
15 Gln-Asp-Ser-Ser-Ser-Ser-Lys-Ala-Pro-Pro-Pro- 

Ser-Leu-Pro-Ser-Pro-Ser-ArB-Leu-Pro-Gly-Pro- 
Ser-Asp-Thr-Pro41e-Leu-Pro-Gin-Cys 

20 

Structure (XIV) 
Cys-Pro-Pro-Pro-Pro-Pro-Pro-Pro-Asp-AsprPn>- 
25 Arg-Phe-Gin-Asp-Ser-Ser-Ser-Ser-Lys-Ala-Pro- 

Pro-Pro-Ser-Leu-Pro-Ser-Pro-Ser-Arg-Leu-Pro- 
Gly-Pro-Ser-Asp-Thr-Pro-De-Leu-Pro-Glii 

30 [0046] Structure (XII) will be recognized as having the sequence of Structure (II) with the addition of Thr-Cys residues 
at its N-terminal. Structure (XIII) is similar to Structure (IX) but does not contain the spacer sequence. Structure (XIV) 
will be recognized as being similar to Structure (II) with the addition of spacer components at the N-terminal and a 
cysteine residue, which may be useful for modification reactions, as described in more detail below. 
[0047] As already mentioned, it is only the 111-145 amino acid sequence of beta-HCG which differs from the corre- 

35 sponding sequence of LH. However, research indicates that the peptides used in the present conjugates may contain 
sequences corresponding to the 101-110 sequence which is common to beta-HCG and beta-LH without inducing the 
formation of antibodies reactive to LH. Thus, one can use in the instant conjugates peptides containing part or all of 
the common 101-110 sequence without causing substantial cross-reactivity with LH. For example, Structure (II) above 
represents the 111-145 amino acid sequence of beta-HCG. If desired, therefore, a peptide having the 101-145 amino 

40 acid of beta-HCG could be substituted for the peptide of Structure (II) in the instant conjugates without substantially 
affecting the activity of the modified polypeptide and without causing cross-reactivity with beta-LH. As already men- 
tioned, a peptide corresponding to the 109-1 45 sequence of beta-HCG is especially useful in the present vaccines and 
conjugates. 

[0048] For reasons already noted, the need to avoid cross-reactivity with luteinizing hormone mainly restricts the 
45 chorionic gonadotropin-derived peptides used in the vaccines and conjugates of the present invention to peptides 
containing all or part of the 101-145 sequence of chorionic gonadotropin, since it is only this part of the chorionic 
gonadotropin sequence which differs significantly from luteinizing hormone. However, it has been found that there are 
antigenic determinants on the human chorionic gonadotropin molecule that will produce human chorionic gonadotropin- 
specific antibodies, which antigenic determinants are not located on the 101-145 sequence of human chorionic gona- 
50 dotropin. One such antigenic determinant is the sequence corresponding to the sequence 40-52, or the sequence 
38-57, of the beta-subunit of human chorionic gonadotropin. Thus, peptides comprising an amino acid sequence sub- 
stantially similar to the 38-57 region (or part of this region) of the beta-subunit of human chorionic gonadotropin can 
be used in the vaccines and conjugates of the present invention. 

[0049] The beta-HCG (38-57) peptides are, however used in a manner rather different from the beta-HCG(101-145) 
55 peptides previously discussed. Since the 38-57 region of the beta-subunit of human chorionic gonadotropin is sub- 
stantially similar to the corresponding region of human luteinizing hormone, follicle stimulating hormone and thyroid 
stimulating hormone (and the same is true in other species), it is not advisable to use the beta-HCG(38-57) peptides 
alone in the vaccines and conjugates of the invention, since this involves a substantial risk of producing antibodies 
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with an undesirable degree of cross-reactivity with other hormones. However, as noted above, it" is advantageous for 
the vaccines and conjugates of the invention to comprise more than one antigenic determinant of the target protein, 
since this increases the efficacy of the vaccine or conjugate in raising antibodies, and thus produces a higher antibody 
titer in the treated animal. Accordingly, it is highly desirable that the beta -HCG (38-57) and analogous peptides be used 

5 in the vaccines and conjugates in conjunction with a peptide which is more specific to human chorionic gonadotropin, 
in order that the vaccine or conjugate will be highly efficacious in raising antibodies, but will still be sufficiently specific 
that an undesirable level of cross-reaction is not experienced. In particular, it is recommended that the beta -HCG (38-57) 
peptide be used in conjunction with a peptide derived from, or similar to, the 109-145 sequence (or, for the reasons 
discussed above, the 101-145 sequence) of the same hormone subunit. 

10 [0050] The joint use of the 38-57 and 1 01 -1 45 peptides may be achieved in three separate ways. Firstly, the betaHCG 
(38-57) peptide may further comprise one or more amino acid sequences substantially similar to at least part of the 
1 01 -1 45 region of the same hormone subunit; i.e., the two sequences may be chemically combined in the same peptide 
prior to modification of the peptide. Secondly, both peptides may be chemically linked to the same carrier without first 
being chemically bonded to one another. Finally, the two peptides may be bonded to separate carriers and a mixture 

15 of the two resultant conjugates introduced into the animal to be treated. 

[0051] Such polypeptides may comprise the 38-57 region of the beta-subunit of human chorionic gonadotropin, or 
the analogous sequence of other mammalian chorionic gonadotropins, depending of course upon the mammal in which 
the resultant conjugate is to be used. This 38-57 sequence may be used alone, or the sequence may include adjacent 
regions substantially similar to the adjacent regions of the beta-subunit of the appropriate chorionic gonadotropin, even 

20 though the presence of such adjacent regions is not necessary to produce proper antigenic properties in the conjugate. 
For practical reasons such as the difficulty of synthesizing very long peptides, and cost, it is desirable that the peptide 
having the amino acid sequence comprised of the 40-52 region, and corresponding to the 38-57 region, of the beta- 
subunit not contain more than about 40 amino acid residues. 

[0052] Although sufficient for provoking antigenic activity, the simple amino acid sequence corresponding to the 
25 38-57 region of HCG does have the disadvantage that it does not possess any convenient site at which coupling of 
the peptide to a carrier, or to other fragments used in the synthesis of the vaccines and conjugates of the invention 
can be effected. Accordingly, in order to provide the peptide with a convenient coupling site, it is preferred that the 
peptide have attached, to the portion of the amino acid sequence corresponding to residue 38 of the beta-subunit of 
human chorionic gonadotropin, a spacer sequence of amino acid residues not substantially similar to the 30-37 region 
30 of the beta subunit of human chorionic gonadotropin, and further that the peptide have attached, to the N-terminal of 
this spacer sequence, a reactive residue suitable for coupling the peptide to a carrier, or to another peptide fragment 
in the conjugate of the invention. Preferably, the spacer sequence comprises a plurality (conveniently 6) of proline 
residues and the reactive residue comprises an alanine residue. 

[0053] Alternatively, in order that the 38-57 peptide can be used in certain preferred coupling reactions (discussed 
35 below) which require the presence of a free sulfhydryl group on the peptide, one might add' to one terminal (preferably 
the N-terminal) of the 38-57 peptide a cysteine residue. However, if such an additional cysteine residue is added to 
the 38-57 peptide, care must be taken to ensure that, during the necessary cyclization of the peptide, the correct 
cysteine residues become linked by the disulfide bridge. This is conveniently effected by placing a blocking group on 
the "extra" cysteine residue before it is incorporated into the peptide and removing the blocking group only after the 
40 disulfide bridge has been formed. Appropriate blocking groups are well-known to those skilled in the art and some are 
discussed below. 

[0054] As used in the modified vaccines and conjugates of the invention, the peptide comprising an amino acid 
sequence corresponding to the 38-57 region of the beta subunit of HCG is used in a form in which the two cysteine 
residues corresponding to the cysteine residues at positions 38 and 57 of the beta-subunit of HCG have their sulfur 
45 atoms linked in a disulfide bridge, since it appears to be only this form of the peptide, in which in effect the disulfide 
bridge close a loop, which has strongly antigenic properties in vivo. In the present state of chemical synthesis, it is in 
practice necessary to cyclize the 38-57 peptide before coupling it to a carrier (or to other peptide fragments) since the 
conditions necessary for cyclization cannot readily be produced after the peptide is coupled to a carrier (or to other 
peptide fragments). 

50 [0055] As with other peptides mimicking fragments of endogenous protein hormones, the peptide corresponding to 
the 38-57 range of the beta-subunit of HCG need not have an amino acid sequence identical to that occurring in the 
natural beta-subunit, provided that there is a sufficient degree of immunological similarity between the amino acid 
sequence of the peptide and that in the natural beta-subunit i.e. provided the peptide, when modified to form a vaccine 
or conjugate according to the invention, provides sufficient antigenic activity to provoke antibodies having good reac- 

55 tivity with, and selectivity for, the natural HCG. Certain amino acid substitutions which can be made without substantially 
reducing the immunological similarity between the artificial peptide and the natural sequence of the beta-subunit of 
HCG will be well known to those skilled in the art, and the degree of immunological similarity of any proposed amino 
acid sequence can of course be determined by routine empirical tests. 
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[0056] Not only do chorionic gonadotropins derived from other mammalian species have a region highly analogous 
to the 38-57 sequence of human chorionic gonadotropin, but a closely analogous region exists in other mammalian 
glycoprotein hormones including luteinizing hormone, follicle stimulating hormone and thyroid stimulating hormone. 
Consequently, peptides derived from the regions of non-human chorionic gonadotropin and other mammalian glyco- 
protein hormones having an analogous region may also be used in preparing the vaccines and conjugates of the 
present invention. The regions of several specific mammalian glycoproteins analogous to the 38-57 region of HCG are 
given in detail below, but those skilled in the art will have no difficulty in identifying an analogous region in other specific 
mammalian glycoproteins. As previously noted, peptides having sequences similar, but not identical, to the natural 
sequence may also be used provided they are substantially immunologically equivalent to the natural sequence. 
[0057] Examples of specific preferred peptides having sequences analogous to the 38-57 region of HCG and useful 
in the vaccines and conjugates of the present invention are as follows: 

(Structure XXV) 
Cys-Pro-Ser-Met-Lys-Arg-Val-Leu-Pro-Val-ne-Leu- 
Pro-Pro-Met-Pro-Gln- Arg- Val -Cy s; 

(Structure XXVI) 
Cys-Pro-Thr-Met-Met-Arg-Val-Leu-Gln-Ala-Val-Leu- 
Pro-Pro-Leu-Pro-Gln-Val-Val-Cys; 

(Structure XXVII) 
Cys-Pro-Thr-Met-Thr-Arg-Val-Leu-Gln-Gly-Val-Leu- 
Pro-AIa-Leu-Pro-Gln-Val-Val-Cys; 

(Structure XXVm) 
Cys-Tyr-Thr-Arg-Asp-Leu-Val-Tyr-Lys-Asn-Pro-Ala- 
Arg-Pro-Lys-Ile-Gln-Lys-Thr-Cys; 

(Structure XXIX) 
Cys-Tyr-Thr-Arg-Asp-Leu-Val-Tyr-Lys- Asp-Pro- Ala- 
Arg-Pro-Lys-He-Gln-Lys-Thr-Cys; 

(Structure XXX) 
Cys-Pro-Ser-Met-Val-Arg-Val-Thr-Pro- Ala-Ala-Leu- 
Pro- Ala-Ile-Pro-Gln-Pro-Val-Cys; 
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(Structure XXXI) 
Cys-Met-Thr-Arg-Asp-Ile-Asp-Gly-Lys-Leu-Phe-Leu- 
Pro-(Lys-Tyr)-Ala-Leu-Ser-Gln-Asp-Val-Cys. 



Structure XXVII is the 38-57 region of human chorionic gonadotropin. Structure XXX is the corresponding sequence 
from equine chorionic gonadotropin. Structure XXVI is the corresponding region of human luteinizing hormone, and 

10 Structure XXV is the corresponding region of ovine/bovine luteinizing hormone. Structure XXVIII is the corresponding 
region of human follicle stimulating hormone, while Structure XXIX is the corresponding region of equine follicle stim- 
ulating hormone. Structure XXXI is the corresponding region of thyroid stimulating hormone. The (Lys-Tyr) portion of 
this hormone sequence is in parentheses because it represents an "insert" between positions 50 and 51 of the corre- 
sponding HCG sequence, and thus has no direct equivalent in any of the other sequences given above. 

15 [0058] it should be noted that there are some differences of opinion among those skilled in the field of protein se- 
quence determination as to certain minor details of the above sequences. See, for example: 
[0059] Pierce and Parsons, Ann. Rev. Biochem. 50: 469-95 (1981). 

In particular, some authorities dispute the existence of the aforementioned (Lys-Tyr) insert in the human thyroid stim- 
ulating hormone sequence, while other authorities dispute the existence of the methionine at position 42 and the valine 
20 at position 55 of the human luteinizing hormone sequence. However, for reasons discussed above, even if the natural 
sequences do differ from those just given, the sequences just given are certainly sufficiently close to the natural se- 
quences to produce a strong antigenic reaction when incorporated into vaccines and conjugates of the invention. 



[0060] Another group of peptides which can be used in the present vaccines and conjugates are relaxin and polypep- 
tides derived therefrom. It has been known for a long time that relaxin is a peptide hormone synthesized in the corpus 
iuteum of ovaries during pregnancy and the hormone is released into the bloodstream prior to parturition. The major 
biological effect of relaxin is to remodel the mammalian reproductive tract to facilitate the birth process, primarily by 
30 relaxing the cervix, thereby assisting in the dilation of the cervix prior to parturition. The amino acid sequence, which 
bears some resemblance to that of insulin, has been determined; see: 

Hudson et al, Structure of a Genomic Clone Encoding Biologically Active Human Relaxin. 
This paper also gives methods for the synthesis of certain relaxin-derived peptides. 

[0061] The use of relaxin or peptides derived therefrom in the present vaccines and conjugates depends not upon 
35 the natural function of relaxin during parturition, but upon the fact that anti-relaxin antibodies are known to render sperm 
immotile. Thus, there appears to be a relaxin-like antigen present on the surface of sperm , especially since the immotility 
of the sperm can be reversed by adding relaxin to the antibody/sperm complex. In theory one could use modified sperm 
antigens to generate in the male antibodies to various antigens present in sperm, but there is the serious problem that, 
owing to the blood/testes barrier, such anti-sperm antibodies do not penetrate the testes. The potentially very rapid 
40 induction of immotility of anti-relaxin antibody renders generation of such an antibody in males a highly attractive 
potential form of male contraception. Although the anti-relaxin antibodies will not penetrate the testes because of the 
blood/testes barrier, they can penetrate the epididymis and they will also be secreted into the fluid which becomes 
mixed with the sperm shortly before or during ejaculation. Thus, by producing anti-relaxin antibodies in the male, ejac- 
ulation would take place normally but the sperm produced would be immotile. Furthermore, the risk of complications 
45 and unintended tissue damage by such an instant process is slight, since the antibodies will not enter the testes, 
thereby avoiding potentially damaging reactions due to antibody-antigen binding within the testes. 
[0062] It should be noted that injection of relaxin-derived conjugates of the present invention into females is not 
recommended; such a process would carry too great a risk of ovarian damage in the female. 

[0063] It should also be noted that relaxin is a highly species-specific protein. Accordingly, when choosing an appro- 
50 priate peptide derived from relaxin, care should be taken to ensure that the peptide corresponds to part of the sequence 
of human relaxin (or, of course, relaxin of any other species which it is designed to treat). 

Cancer Treatment 

55 [0064] Another health problem that can.be treated by the instant methods is that of certain endocrine or hormone- 
dependent tumors or cancers. Certain breast cancers have been shown to be dependent upon the abundant secretion 
of the hormone prolactin for their continued survival. The inhibition of the secretion of prolactin has been shown to 
diminish the growth rate and the actual survival of certain of these tumors. The immunization of mammals suffering 
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from such tumors with conjugates related to prolactin would result in the systematic reduction of the level of prolactin 
circulating in the system and consequently may result in the regression or remission of tumor growth. The consequence 
of this treatment would be far more favorable in terms of effective treatment of this disease, since surgical removal of 
the breast is the principal method of treatment currently available. It is of course likely that the vaccines and conjugates 
5 of the present invention will be effective only against those tumors which are dependent upon the secretion of prolactin 
(or some other hormone) for survival. 

[0065] Investigators have also determined, for example, that certain polypeptide entities are supportive factors to, 
and secretions of, neoplastic diseases in both man and other mammals. These supportive entities have biochemically, 
biologically and immunologically close resemblances to hormones, particularly to CG as well as to LH. Using the vac- 

10 cines and conjugates of the instant invention the function of such polypeptides or endogenous counterparts can be 
neutralized to carry out regulation of the malignancy. For example, tumors in both male and female primates may be 
treated by isoimmunization procedures developing antibodies to CG or LH or the disease supportive factors analogous 
thereto. Furthermore, neoplasms in primate females may be regulated by isoimmunization procedures developing 
antibodies to endogenous LH. This hormone, when associated with a tumor state, tends to aggravate the tumorous 

15 condition. 

[0066] It appears that certain carcinomas exude CG or an immunologically-similar material on their surfaces, thereby 
presenting to the immune system of the host animal a surface which, superficially, appears to be formed of material 
endogenous to the host animal and which is thus relatively non-immunogenic. Because of this known association 
between certain carcinomas and CG or CG-like materials, the CG-derived conjugates of the invention are useful not 
20 only for fertility control but also for treatment of carcinomas associated with CG or CG-like materials. As already men- 
tioned, vaccines and conjugates of the invention are useful for the treatment of a variety of malignant diseases, including 
breast cancer, lung cancer, colon cancer, malignant melanoma and bladder carcinoma. 

Techniques for modification of Hormones, Fragments or Peptides 

25 

[0067] A wide range of techniques may be used to form the conjugates used in the present vaccines. Many of the 
techniques described below are not in themselves novel and some of the techniques may be found in the following list 
of literature references, while various others may be found elsewhere in literature by persons skilled in the art: 

30 1. Klotz et al., Arch, of Biochem. and Biophys, 96,60 605-612, (1966). 

2. Khorana, Chem. Rev. S3 145 (1953). 

3. Sela et al., Biochem. J., 85, 223 (1962). 

4. Eisen et al., J. Am. Chem. Soc, 75, 4583 (1953). 

5. Centeno et al., Fed. Proc. (ABSTR), 25, 729 (1966). 

35 6. Sokolowsky et al., J. Am. Chem. Soc, 86, 1212 (1964). 

7. Tabachnick et al., J. Biol. Chem., 234, 1726, (1959). 

8. Crampon et al., Proc. Soc. Exper. Biol. & Med., 80, 448 (1952). 

9. Goodfriend et al., Science, 144, 1344 (1964). 

10. Sela et al., J. Am. Chem. Soc, 78, 746 (1955). 

40 11. Cinaderetal,, Brit. J. Exp. Pathol., 36, 515 (1955). 

12. Phillips et al, J. of Biol. Chem., 240(2), 699-704 (1965). 

13. Bahl, J. of Biol. Chem., 244, 575 (1969). 

[0068] It will be appreciated by those skilled in the art that, in the instant invention, the chemical modification of the 
45 hormone, fragment or peptide is effected outside the body of the animal prior to introduction of the conjugate into the 
body of the animal. 

[0069] Conjugation of hormones, fragments or peptides to chemically-modified diphtheria toxoid or T cell epitopes 
to form the vaccines and conjugates of the present invention may be effected by attaching to the hormone, fragment 
or peptide one or more foreign reactive (modifying) groups and/or by attaching two or more fragment peptides to a 
50 single foreign reactive group (i.e. a carrier) or both of the above, so that the body of the animal; recognizing the conjugate 
as a foreign object, produces antibodies which complex with not only the conjugate but also the unmodified hormone 
responsible for the disease or medical problem being regulated. 

[0070] Particularly where the larger whole hormone or subunit type molecular structures are concerned, the number 
of foreign reactive groups which are to be attached to the hormone or subunit and the number of hormone or subunits 
55 to be attached to a foreign reactive group depends on the specific problem being treated. Basically, what is required 
is that the conjugate be modified to a degree sufficient to cause it to be antigenic when injected into the body of the 
animal. If too little modification is effected, the body may not recognize the conjugate as a foreign body and not create 
antibodies against it. If the number of foreign molecules added is too great, the body will create antibodies against the 



16 




EP 1 129 724 A2 



conjugate, but the antibodies will be specific to the conjugate and will not neutralize the action of the concerned natural 
endogenous hormone, i.e. they will be specific to the modifier. 

[0071] In general, again considering the larger molecule subunit or whole hormone, it has been found that about 
1-40 modifying groups per molecule of hormone or subunit will be useful in modifying the polypeptide adequately so 

5 as to obtain the desired immunological effect of this invention. As will be appreciated by one skilled in the art, this ratio 
of modifying groups will vary depending upon whether an entire hormone is utilized for modification or whether for 
instance a relatively small synthetic fragment of the hormone is to be modified. Generally for the larger molecules, it 
is preferred that 2-40 modifying groups per molecule of polypeptide be used according to this invention. In the instance 
where the polypeptide is the beta-subunit of HCG, it is particularly preferred that about 5-30 and more preferably 10-26 

10 modifying groups per molecule of polypeptide be used. The degree of modification of the polypeptide should be ade- 
quate to induce generation, by the animal, of antibodies adequate to neutralize some of the target hormone or non- 
hormonal protein. The necessary degree of modification will vary with each polypeptide involved, and the degree of 
correction or change desired for the body function involved. As already noted, in the present vaccines, it is preferred 
that the conjugate comprise 20-30 peptides per 10 5 daltons of the chemically-modified diphtheria toxoid. 

*5 [0072] It is preferred that the modification constitute two or more immunological determinants represented on the 
native protein to which it is desired to evoke an antibody response. The effect is one of heterogeneity of antibody 
development. Thus, several peptides have been described above having at least two distinct amino acid sequences 
represented in the HCG beta subunit. These sequences may be so spaced as to present the determinants in mutual 
isolation, while the spaced sequence fragment is conjugated with the carrier. Alternately, a mixed immunization ar- 

20 rangement may be utilized wherein a first peptide fragment developing one determinant is conjugated with a first carrier 
molecule and is administered in combination with a second, distinct peptide fragment which is conjugated with a second 
carrier molecule, the latter of which may be the same as or different in structure from the first carrier. Thus, each 
macromolecular carrier may be conjugated with hormone fragments such that each fragment represents two or more 
immunological determinants. 

25 [0073] In one preferred modification process, the hormone, fragment or peptide to be modified, for example that 
designated Structure (XII) above, is activated first, after which it is conjugated with the carrier (chemically modified 
diphtheria toxoid or T cell epitope). An activating reagent may be utilized which exhibits differing functionality at its 
ends and, by choice of reaction conditions, these end functions can be made to react selectively. For example, the 
activators of Formulae A and B shown in Figure 1 of the accompanying drawings, which each have a maleiimido group 

30 and a substituted acid group, may be used. In these activators, X is a non-reacting group which can be a substituted 
or unsubstituted phenyl or C1-C10 alkylene moiety, or a combination thereof. The substituent on the phenyl ring (if 
any) should of course be non-interfering with the reactions of the activator, as should the remainder of the grouping X. 
[0074] The grouping X may be, inter alia, a pentamethylene, 1 ,4-phenylene or monomethyl-1 ,4-phenylene grouping. 
[0075] The maleiimido grouping of the above activators will react with sulfhydryl (SH) groups in the hormone, fragment 

35 or peptide to be modified under conditions whereby the opposite end (active ester end) of the reagent does not react 
with the amino groups present in the hormone, fragment or peptide. Thus, for example, peptides, such as that desig- 
nated Structure (XII) above, contain a cysteine amino acid, and hence an SH group, react as shown in Reaction 1 in 
Figure 2 of the accompanying drawings. Following the above reaction, upon adjusting the pH to slightly alkaline con- 
dition, for example, pH 8, and adding the carrier, conjugation is accomplished to produce the product of Formula 2 

40 shown in Figure 2. 

[0076] A carrier which does not contain SH groups, but does contain NH; groups, is preferably first treated with an 
activator of the formula A or B shown in Figure 1 , wherein X is as defined above, at pH 7 or lower to cause reaction of 
the active ester end of the activator with the carrier, giving a compound of Formula 3 shown in Figure 2. Thereafter, 
the activated carrier is reacted with a hormone, fragment or peptide containing a SH group to produce a conjugate 
45 similar to that discussed immediately above. 

[0077] Should the hormone, fragment or peptide not contain an SH group, e.g. Structures (II), (111), (VI) and (VII), 
such structures can be modified first to introduce such a grouping by standard methods such as "thiolactonization", 
following which they are conjugated utilizing the above-discussed selective bi-functional reagents. For a more detailed 
description of these reagents, reference is made to the following publications: 

50 

O. Keller and J. Ridinger. Helv. Chim. Acta, 58, 531-541 (1975). 

W. Trommer, H. Kolkenbrock and G, Pfleiderer, Hoppe-Seyler's Z. Physiol. Chem., 356, 1455-1458 (1975). 

[0078] As already mentioned, in many natural proteins containing cysteine residues, these residues are not present 
55 jn the thiol form containing a free SH group; instead, pairs of cysteine residues are linked by means of disulfide bridges 
to form cysteine. Accordingly, when it is desired to produce free SH groups in proteins to carry out the coupling reactions 
discussed above, one convenient way of providing such free SH groups may be to cleave disulfide bridges naturally 
present in the protein or other polypeptides which it is desired to conjugate. For example, as noted above the natural 
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form of, beta-HCG contains six disulfide bridges. To produce free thiol groups for coupling reactions, any number of 
these bridges from 1 to 6 may be broken using known techniques as set out for example in: 

Bahl et al, Biochem. Biophys. Res. Comm., 70, 525-532 (1976). 
This particular article describes cleavage of 3-5 of the six disulfide bridges in beta-HCG, but the same techniques may 
5 be used to break all six bridges if this is so desired. It should, however, be noted that the techniques disclosed in this 
paper are not selective and although it is possible to control the degree of disulfide bridge breaking, it is not possible 
to break specific bridges and leave others. The breaking of bridges is at random and the thiol groups produced are 
randomly distributed over the possible positions in beta-HCG. 

[0079] As an alternative approach to the utilization of the maleiimido group reagents discussed above, an alkylation 
10 step may be used to cause conjugation. Conditions can be chosen such that, in the presence of amino groups, essen- 
tially only thiol groups will be alkylated. With this approach, the larger carrier molecule is first modified by reaction of 
a fraction of its amino groups with an active ester of chloro, dichloro, bromo, or iodo acetic acid such as the compound 
of Formula C shown in Figure 1 . This modified carrier is then reacted with the sulfhydryl group in the hormone, fragment 
or peptide to be modified (or a modified form of the polypeptide which has already been modified to contain a free thiol 
15 group (e.g. by the thiolactonization which is discussed above) if it did not originally posses such a free thiol group). 
The reaction produces a thioether linkage by alkylation of the free-thiol (sulfhydryl) group. 

[0080] It may be seen from an observation of the formulae of Structures (IV), (V), (IX), (X), (XI), (XII), (XIII). and (XIV) 
that a Cys amino acid, which in a reduced state provides an SH reactive group, is located at either the C-terminal or 
N-terminal of the peptide structure. This location permits the peptide to be chemically linked to carrier molecules at 

20 either terminus. Moreover, the Structures (XIV), (X), (IX). (X), (IV) have a six-proline spacer chain (Pro)6 between the 
cysteine residue and the remainder of the peptide sequence. This latter arrangement provides a chemical spacer 
between the coupled carrier and the sequences representing a fragment of the natural hormone. A six-proline spacer 
can be added as a side chain spacer, for example at position 122 (lysine) in Structure (II). by initially adding an SH 
group (thiolactonization) to the free or unblocked epsilon amino group on this (lysine) residue. As previously noted, if 

25 such a spacer is employed, it desirably comprises from 2 to 8 amino acid residues. Then, utilizing the activator A or B 
in Figure 1 in which the component "X" is a chain of six proline amino acids, conjugation can be carried out. In the 
latter case, a spacer is provided between the carrier and peptide linked at an intermediate site, for example at position 
122 in Structure (II). In the former case, only the spacer derived from the conjugating reagent links the carrier and 
peptide. 

30 [0081] Carriers containing free amino groups can be prepared in buffer solution, such as phosphate buffer, in sodium 
chloride solution at a pH of 6-8. To this solution, tolylene diisocyanate (T.D.I.C.) reagent diluted from about 1-10 to 
about 1 -40 times with dioxane can be added to the carrier. The general procedure was disclosed by Singer and Schick, 
J. Biophysical and Biochem. Cytology, 9, 519 (1961). The amount of T.D.I.C. added may range from 0.075 to 1,000 
molar equivalents of the carrier used. The reaction may be carried out at about - 5° to about + 10°C, preferably 0° to 

35 4° c, for about 1/2 to 2 hours. Any excess T.D.I.C. may be removed by centrifugation. The precipitate may be washed 
with the above-mentioned phosphate buffer and the supernatants combined. 

[0082] This activated carrier solution may then be combined with the hormone, fragment or peptide to be conjugated. 
The hormone, fragment or peptide is dissolved in the same phosphate buffer (5-30 mg/ml) and the volumes of the two 
solution needed to provide the desired molar ratio of carrier to hormone, fragment or peptide in the conjugate are 
40 combined. The combined solutions are desirably reacted at 30 P -50°C, preferably 35°-40°C, for 3-6 hours. 

[0083] Separation of modified and unmodified hormone, fragment or peptide may be accomplished by conventional 
techniques, such as gel filtration. 

[0084] Picogram counts of I 125 labeled polypeptide may be added as a tracer to the reaction mixture at the time of 
conjugation, and the quantity of hormone, fragment or peptide conjugated to carrier (molar ratio) may be determined 

45 by the amount of radioactivity recovered. 

[0085] Included in the methods for modifying the hormones, fragments and peptides are conjugation by use of water- 
soluble carbodiimide. The amino groups of the unmodified hormone, fragment or peptide are first preferably protected 
by acetylation. This (acetylated) unmodified hormone, fragment or peptide is then conjugated to the carrier using 
10-ethyl-3-(3-dimethylamino propyl)carbodiimide as activating agent. This method is generally disclosed by Hoare and 

50 Koshland, Jr., J. of Biological Chemistry, 242, 2447 (1 967). The conjugation between the unmodified hormone, fragment 
or peptide and the carrier may be performed in a solvent such as glycine methyl ester while maintaining the pH at 
about 4-5, preferably about 4.5-4.8. The temperature of reaction is conveniently about room temperature and the 
reaction may be allowed to proceed for about 2-8 hours, preferably 5 hours. The resulting conjugate may be purified 
by conventional techniques, such as column chromatography. 

55 [0086] Conjugates may also be prepared using glutaric dialdehyde as conjugating agent. According to a theory pro- 
posed by Richards and Knowles [J. Mol. Biol., 37, 231 (1968)], commercial glutaric dialdehyde contains virtually no 
free glutaric dialdehyde, but rather consists of a very complex mixture of polymers rich in alpha, beta-unsaturated 
aldehydes. Upon reaction with amino acid carriers, these polymers form a stable bond through the free amino group, 
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leaving aldehyde groups free. This intermediate product then reacts with unmodified hormone, fragment or peptide in 
the presence of alkali metal borohydride, such as sodium borohydride. This intermediate is formed at pH 7-10, pref- 
erably 8-9, at about room temperature. The modified hormone, fragment or peptide is also conveniently obtained at 
about room temperature after about 1/4 -2 hours reaction time. The resulting product is recovered in pure form by 

5 conventional techniques, such as gel filtration, dialysis and lyophilization. 

[0087] Throughout the foregoing description, the term "modified" or "conjugated" has been utilized in referring to the 
chemical reaction by which the carrier molecules become chemically attached to specific sites on the hormone, frag- 
ment or peptide. Although specific mechanisms by which this is accomplished are described herein in detail, other 
appropriate mechanisms may be used if desired. It is clear that the carrier can be a physically larger molecule or 

10 fragment thereof than the hormone, fragment or peptide which it modifies. Clearly, physical size of the carrier is not 
always critical (many of the T cell epitopes used in the conjugates of the present invention only contain about 15 to 20 
'amino acid residues), the criterion for effectiveness being that the mammalian body's reaction generate antibodies in 
sufficient quanta and specificity to the target hormone. 

15 Vaccines/Administration of the Conjugates 

[0088] Obviously, in order that the conjugates of the invention can provoke the formation of antibodies to the target 
hormone within the body of an animal, they must be administered to the animal in such a way that they can come into 
contact with the cells responsible for formation of antibodies. In practice, this essentially means that the conjugates 

20 must be introduced into the circulatory system of the mammal to which they are administered. Although the use of 
other modes of administration is not absolutely excluded, in view of the molecular size and weight of most of the instant 
conjugates likely to be used in practice, the normal route or administration will be parental administration i.e. by injection. 
In the vast majority of cases, the quantity of conjugate which will need to be administered will be far too small for 
convenient handling alone, and in any case the chemical nature of most of the conjugates prevents them being produced 

25 in a pure form free from liquid vehicles. Accordingly, it is normally necessary to administer the conjugates of the invention 
as a vaccine comprising the conjugate together with a vehicle; this vaccine is desirably a vaccine of the present invention 
in which the conjugate and an adjuvant are dispersed in a phosphate-buffered saline aqueous vehicle, which is then 
emulsified with a mixture of oils, preferably a mixture of squalene and squalane oils, and mannide monooleate. It has 
been found that administration of the conjugate in such a vaccine has the effect of increasing the quantity of antibodies 

30 provoked by the conjugate when the vaccine is administered to an animal. To further increase the quantity of antibodies 
provoked by administration of the vaccine, it is advantageous to include in the vaccine an immunological adjuvant. The 
term "adjuvant" is used in its normal meaning to one skilled in the art of immunology, namely as meaning a substance 
which will elevate the total immune response of the animal to which the vaccine is administered i.e. the adjuvant is a 
non-specific immunostimulator. As already mentioned , the preferred adjuvant is N-acetyl-D-glucosamine-3-yl-acetyl- 

35 L-ala-D-isoglutamine (nor muramyl dipeptide), although other adjuvants, especially other muramyl dipeptides, for ex- 
ample: 



may be used if desired. 

45 [0089] The vaccines and conjugates of this invention may be administered parenterally to the animals to be protected, 
the usual modes of administration of the vaccine being intramuscular and sub-cutaneous injections. The quantity of 
vaccine to be employed will of course vary depending upon various factors, including the condition being treated and 
its severity. However, in general, unit doses of 0.1-50 mg. in large mammals administered from one to five times at 
intervals of 1 to 5 weeks provide satisfactory results. Primary immunization may also be followed by "booster" immu- 

50 nization at 1 to 12 month intervals. 

[0090] Other useful administration methods for the conjugates of the invention include those wherein the conjugate 
itself, or a solution or an emulsion thereof, is encased in a pharmaceutically acceptable polymer composition, such as 
in microcapsule form. The microencapsulated conjugate is then administered, for example, by implantation under the 
skin or intramuscular injection, so as to permit a controlled and/or prolonged and/or timed release of the conjugate. 

55 This release of the conjugate in turn elicits a controlled, prolonged, timed or as desired, raising of useful antibodies for 
purposes described herein. Illustrative of useful polymer compositions for the encapsulation include pharmaceutically 
acceptable polylactic-polyglycolic acid copolymers known in the art for pharmaceutical microencapsulation. 
[0091] The following Examples are now given, though by way of illustration only, to show details of particularly pre- 
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ferred reagents, conditions and techniques used in the present invention. 
Example 1 

5 [0092] This Example illustrates the preparation of a preferred vaccine of the present invention. 
Preparation of peptide 

[0093] Beta-HCG(109-145) was synthesized by solid phase synthesis, as described in the aforementioned U.S. 
10 Patents Nos, 4,855,285 and 5,006,334. It should be noted that only a peptide containing a free thiol group can be 
conjugated to the toxoid, and accordingly it is advisable to determine the thiol content of the peptide quantitatively by 
Elman's method before conjugating. If necessary, either N-acetyl homocysteine thiolactone or N-succinimidyl-3-(2-py- 
ridylthio)propionate may be used to provide free thiol groups on the peptide. 

15 Preparation of modified diphtheria toxoid 

[0094] Diphtheria toxoid, of the type used commercially to prepare diphtheria-pertussis-tetanus vaccines, was ob- 
tained from a commercial source. The toxoid was obtained in liquid form having an activity of 1000-1500 Lf/ml, and 
containing 1/5000 thimerosal as preservative. To this toxoid, ethylenediamine (0.1 M) was added at a ratio of 2 mL per 
20 1 00 mL of the liquid toxoid, and the resultant mixture was concentrated approximately ten-fold by ultrafiltration. The 
concentrate was gel filtered using either Sephadex G-50 or Biogel P-60 in 0.2 M ammonium bicarbonate. The non- 
retarded volume was collected and lyophilized. 

[0095] To determine the amino content of the modified toxoid, the fluorescamine method was used. A small volume 
of sample solution containing approximately 1 .0 mg/mL of modified toxoid was prepared, and a 20 jiL aliquot assayed 
25 against a standard curve of oc-N-acetyl-L-lysine samples containing from 10 9 to 10* 8 moles. 

Coupling of peptide to toxoid 

[0096] Since the maleimido group is light sensitive, the steps of the following preparation using this group are desir- 

30 ably conducted in darkness or subdued lighting. 

[0097] To prepare an antigenic conjugate comprising approximately 25 peptides per 1 0 5 daltons of toxoid, 20 mg of 
the chemically-modified toxoid prepared above was dissolved in 1 mL of 0.5 M aqueous sodium phosphate buffer, pH 
6.6. Separately, 6.18 mg of 6-maleimido caproic acyl succinyl ester (MCS) was dissolved in 100 \iL of purified, dried 
dimethylformamide (DMF). 25 |iL of the resultant DMF solution was added over a period of 15 minutes to the stirred 

35 toxoid solution at room temperature. After the addition was complete, the resultant solution was stirred for a further 75 
minutes, and the excess MCS and reaction by-products were removed by gel filtration on Sephadex G-25 equilibrated 
with 0.1 M sodium citrate/0.1 M EDTA, pH 6.0, at 0-4°C. The activated toxoid excluded from the column was concen- 
trated to approximately 20 mg/mL by ultrafiltration on P10 membrane. 

[0098] To effect the conjugation of the peptide to the modified toxoid, the solution of the modified toxoid prepared 
40 above was added to a solution of the peptide in the same sodium citrate/EDTA, pH 6.0 buffer, and the resultant mixture 
is stirred under a stream of nitrogen, while sealed from light, for 1 8 hours at room temperature. The solution was then 
passed through a Sephadex G-50 or Bio Gel P60 column equilibrated with 0.2 M ammonium bicarbonate at 0-4°C, 
and the conjugate eluted in the void volume was lyophilized. 

45 Preparation of vaccine 

[0099] 2.0 mg of the conjugate thus prepared and 1.0 mg of nor muramyl dipeptide were dissolved in 0.6 mL of 
phosphate-buffered saline solution. Separately 0.6 mL of an oil mixture was prepared comprising 44 parts by weight 
of squalene, 41 parts by weight of squalane, 11 parts by weight of mannide monooleate and 4 parts by weight of 
50 aluminum monostearate. Emulsification was effected by hand using an apparatus comprising two glass syringes con- 
nected via a three-way stopcock. The buffer solution was placed in one syringe, the oil mixture in the other, and after 
mixing the resultant mixture was passed back and forth at least 25 times until the resultant emulsion became quite 
viscous. 

[01 00] The vaccine thus produced was suitable for intramuscular injection in doses of 0.5-1 .5 mL in humans. 

55 

Example 2 

[0101] This Example illustrates the preparation of preferred antigenic conjugates of the present invention containing 
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T-cell epitopes. 

[0102] These conjugates were synthesized using the same solid state synthesis technique mentioned in Example I 
above. The T-cell peptide was synthesized first on the resin, then a spacer sequence of 4-5 amino acid residues 
containing a p-turn was added. Finally, the beta-HCG(1 09-1 45) peptide was synthesized on the N-terminat of the spacer 
5 sequence. 

[0103] In a second method, a peptide was prepared having a terminal lysine. The primary amino group of the lysine 
was blocked, leaving the e-amino group free. A T-cell or beta-HCG(109-145) peptide was synthesized as a side chain 
on the lysine e-amino group, and back sequenced to assure the correct sequence. The blocking group on the lysine 
was removed and the main chain extended, with the last amino acid residue added being another lysine. The side 
10 chain synthesis was then repeated. Further repetitions of this procedure yielded a peptide containing two different T- 
cell epitopes and two beta-HCG(109-145) peptides. 

[0104] Also, in a preferred process of this invention, on a resin using an Fmoc/ t-butyl technique was formed a p- 
strand template having the sequence: 



with both lysines having their e-amino groups protected with Boc groups. The N-terminus of this template peptide was 
protected by the addition of Nps-Leu, and then the e-blocking group was removed from the lysine adjacent the N- 
20 terminus of the peptide. Thereafter, a T-cell epitope was assembled on the free e-amino group of the lysine using the 
Boc/benzyl technique described in an aforementioned U.S. patents. The N-terminus of the T-cell epitope was blocked 
by acetylation, and then the Npys protecting group was removed from the N-terminus of the template. The main chain 
of the peptide was extended using the Fmoc/t-butyl technique to produce the sequence: 



30 in which, as indicated by "(Ac)"- the N-terminus was protected by acetylation. (The Gly-Ser-Pro-Leu sequence provides 
a p-turn spacer in the template.) The e-blocking group was removed from the lysine adjacent the N-terminus of the 
peptide, and a p-cell epitope was assembled on the free e-amino group of the lysine using the Fmoc/t-butyl technique. 
The N-terminal of the B-cell epitope was blocked by acylation. Finally, the t-butyl and Boc protecting groups were 
removed with TFA, and then the peptide was cleaved from the resin by low/high HF treatment. 

35 Conjugates containing the following T-cell epitopes were prepared by these two procedures: 
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Gly-Leu-Lys-Leu-Lys-Leu-dy-COOH, 
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(Ac)Giy-I-eu-Lys-I-eu-Lys-Leu-Leu-G]y«GIy-Ser-Pro-Leu- 
Gly-Leu-Lys-Leu-Lys-Leu-GIy-COOH, 



40 



a. amino acids 580-599 of tetanus toxoid; 

b. amino acids 830-844 of tetanus toxoid; 

c. amino acids 916-932 of tetanus toxoid; 

d. amino acids 947-967 of tetanus toxoid; 



e. amino acids 288-302 of measles virus protein; 

f. amino acids 16-33 of hepatitis B viral protein; or 

g. amino acids 317-336 of malaria CSP protein. 
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<110> The Ohio State University Research Foundation 
<120> Vaccines 
<130> 130-llDivl 
<140> 

<141> 1992-09-30 

<150> EP92921753.7 
<151> 1992-09-30 

<150> PCT/US92/08370 
<X51> 1992-09-30 

<160> 22 

<170> Patentln Ver. 2.1 

<210> 1 

<211> 145 

<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 1 

Ser Lys Glu Pro Leu Arg Pro Arg Cys Arg Pro He Asn Ala Thr Leu 
'1 5 10 15 

Ala Val Glu Lys Glu Gly Cys Pro Val Cys He Thr Val Asn Thr Thr 
20 25 30 

He Cys Ala Gly Tyr Cys Pro Thr Met Thr Arg Val Leu Gin Gly Val 
35 40 45 

Leu Pro Ala Leu Pro Gin Val Val Cys Asn Tyr Arg Asp Val Arg Phe 
50 55 60 

Glu Ser He Arg Leu Pro Gly Cys Pro Arg Gly Val Asn Pro Val Val 
65 70 75 80 

Ser Tyr Ala Val Ala Leu Ser Cys Gin Cys Ala Leu Cys Arg Arg Ser 
85 90 95 

Thr Thr Asp Cys Gly Gly Pro Lys Asp His Pro Leu Thr Cys Asp Asp 
50 100 105 HO 

Pro Arg Phe Gin Asp Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu 
115 120 125 

55 Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro He Leu Pro 

130 135 140 
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Gin 
145 



<210> 2 
<211> 35 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 2 „ 
Asp Asp Pro Arg Phe Gin Asp Ser Ser Ser Ser Lys Ala Pro Pro P. 
15 10 15 

Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro I 
20 25 30 

Leu Pro Gin 
35 



<210> 3 
<211> 29 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
polypeptide 

<400> 3 

Gin Asp Ser Ser Ser Ser Lys Ala 
1 5 

Ser Arg Leu Gly Pro Ser Asp Thr 
20 



Sequence : Antigenic 



Pro Pro Pro Ser Leu Pro Ser Pro 
10 15 

Pro lie Leu Pro Gin 
25 



<210> 4 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 4 , 
Cvs Pro Pro Pro Pro Pro Pro Ser Asp Thr Pro lie Leu P 
1 5 10 



<210> 5 
<211> 15 
<212> PRT 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Ant igenic 
pol ypeptide 

<400> 5 

Asp Asp Pro Arg Phe Gin Asp Ser Pro Pro Pro Pro Pro Pro Cys 
15 10 15 



<210> 6 
<211> 31 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 6 

Phe Gin Asp Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro S 
15 10 15 

Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro He Leu Pro Gin 
20 25 30 



<210> 7 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> . 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 7 

Asp Asp Pro Arg Phe Gin Asp Ser Ser Ser Ser Lys Ala Pro Pro P 
1 5 10 15 

Ser Leu Pro Ser 
20 



<210> 8 
<211> 23 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 8 

Asp Asp Pro Arg Phe Gin Asp Ser Pro Pro Pro Cys Pro Pro Pro S 
15 10 15 
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Asp Thr Pro lie Leu Pro Gin 
20 



<210> 9 
<211> 29 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
pol ypeptide 

<400> 9 

Asp Asp Pro Arg Phe Gin Asp Ser Pro Pro Pro Pro Pro Pro Cys Pro 
15 10 15 

Pro Pro Pro Pro Pro Ser Asp Thr Pro lie keu Pro Gin 
20 25 



<210> 10 
<211> 48 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 10 

Asp His Pro Leu Thr Ala Asp Asp Pro Arg Phe Gin Asp Ser Ser Ser 
1 5- 10 15 

Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly 
20 25 30 • 

Pro Ser Asp Thr Pro lie Leu Pro Gin Pro Pro Pro Pro Pro Pro Cys 
35 40 45 



<210> 11 
<211> 42 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 11 

Asp Asp Pro Arg Phe Gin Asp Ser Ser Ser Ser Lys Ala Pro Pro Pro 
15 10 15 

Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro lie 
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20 



25 



30 



Leu Pro Gin Pro Pro Pro Pro Pro Pro Cys 
35 40 



<210> 12 
<211> 36 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<4 00> 12 

Asp Asp Pro Arg Phe Gin Asp Ser Ser Ser Ser Lys Ala Pro Pro Pro 
1 5 10 15 

Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro lie 
20 25 30 

Leu Pro Gin Cys 
35 



<210> 13 
<211> 37 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 13 

Thr Cys Asp Asp Pro Arg Phe Gin Asp Ser Ser Ser Ser Lys Ala Pro 
15 10 15 

Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr 
20 25 30 

Pro lie Leu Pro Gin 
35 



<210> 14 
<211> 42 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide, Xaa is a symbol for alpha amino 
butyric acid of cysteine 

<400> 14 

Asp His Pro Leu Thr Xaa Asp Asp Pro Arg Phe Gin Asp Ser Ser Ser 
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10 



15 



Sec Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly 
20 25 30 



Pro Ser Asp Thr Pro lie Leu Pro Gin Cys 
35 40 



<210> 15 
<211> 43 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence .'Antigenic 
polypeptide 

<400> 15 

Cys Pro Pro Pro Pro Pro Pro Pro Asp Asp Pro Arg Phe Gin Asp Ser 
15 10 15 

Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu 
20 25 30 

Pro Gly Pro Ser Asp Thr Pro lie Leu Pro Gin 
35 40 



<210> 16 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Antigenic 
polypeptide 

<400> 16 

Cys Pro Ser Met Lys Arg Val Leu Pro Val He Leu Pro Pro Met Pro 
1 5 10 * 15 

Gin Arg Val Cys 
20 



<210> 17 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 17 

Cys Pro Thr Met Met Arg Val Leu Gin Ala Val Leu Pro Pro Leu Pro 
15 10 15 
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Gin Val Val Cys 
20 



<210> 18 
<211> 20 
<212> PRT 

70 <213> Artificial Sequence 



15 



25 



30 



40 



50 



55 



<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 18 

Cys Pro Thr Met Thr Arg Val Leu Gin Gly Val Leu Pro Ala Leu Pro 
15 10 15 



Gin Val Val Cys 
20 20 



<210> 19 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 19 

Cys Tyr Thr Arg Asp Leu Val Tyr Lys Asn Pro Ala Arg Pro Lys lie 
1 5 . . 10 15 



35 Gin Lys Thr Cys 

20 



<210> 20 
<211> 20 
<212> PRT 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : An tigenic 
45 polypeptide 

<400> 20 

Cys Tyr Thr Arg Asp Leu Val Tyr Lys Asp Pro Ala Arg Pro Lys lie 
15 10 15 



Gin Lys Thr Cys 
20 



<210> 21 
<211> 20 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 21 

Cys Pro Ser Met Val Arg Val Thr Pro Ala Ala Leu Pro Ala lie Pro 
1 b 10 15 

Gin Pro Val Cys 



<210> 22 
<211> 22 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Antigenic 
polypeptide 

<400> 22 

Cys Met Thr Arg Asp lie Asp Gly Lys Leu Phe Leu Pro Lys Tyr Ala 
1 5 10 15 

Leu Ser Gin Asp Val Cys 
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0*> 

Pxo~<2n 
. Structorc (HI) 
S^Xc»-P*b^Scr-Pi^Sex«A*g^Lea»-^^ 
Stnacrarc (TV) 
Ile~Xeu-Pxo-Gba 



1 . Vaccines for treating colon cancer comprising: 

an antigenic conjugate consisting of an antigenic polypeptide 
fragment derived from the beta subunit of human chorionic 
gonadotropin selected from the group consisting of 

structures H, EI, IV, V, VI, VII, VIII, XJHa, IX, X, XI, XII, XUI and XIV, 



Structure (XX) 

S**-I-cu-Pro-i*»-Pro-Ser-A^Ix^P*^^ 
t^ro-Psno-l^rO' Cys 
Stroctnn: (X) 



Arg-l>ctt-Pro-<3y-Pn^Ser-A3p-T^ 
Stttjctanc (XI) 



Pfro-Qn-Cyx 
Siractmre (XH) 



Structure P3B) 
Screctwc CXTV) 



Pro-P^Ser-$>«^Pii»-Stf-P*o-Ser-Ax^^ 




<VX) 

rj*X-A2»-Pxo^PlD9« 

Pn>-S«^lx«-Pto~S<y-P^Ser-Ar^I^^P«»-^y- 
PrD-Scr-Asp-Tljcr-Pn>-Ilc Xa>-Pro-<a» 

Snwctmc CVS) 
Asp- A^Ptt>-ArE-P*"^<3^A3j>-5cr-S<=f -S^^Scr- 
3Lys-^i^PrD-Pn>-P*o-Scf-l*^Pto-S«r 

Structure (VHJ) 
Asp-A3|>-Pio-Ai^Pbey<*b*^Aj5>-S^ 
Cy^Pn*-PtD»Pxo-Scx-A^Tl»-PxD-^^ 

Structure (VU* 2 ) 
Axf^A^Pm-Az^Phe><^-A5p-Ser~Pi9^n>.Pto- ' 
Pn»-Pw>-Pit»^y^s-pp^Pro~Pra-Pr(^P^ 
As^Tlu--PrD'l}o-I > cn»-pR>-GbB 



4/29 



11/13-14 
18/13-30 
19/17-30 
20/1-28 
21/1-5 
22/10-27 
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,said polypeptide fragment modified by conjugation at the N-terminus or 5/8 

C-terminus with a carrier consisting of a spacer peptide containing from 6/22-23 

about 2-8 amino acids and either a diphteria toxoid or a peptide 2/8 

fragment selected from the group of epitope sequences consisting of 5/9 

a) amino acids 580-599 of tetanus toxoid 5/30 

b) amino acids 830-844 of tetanus toxoid 6/3 

c) amino acids 916-932 of tetanus toxoid 6/6 

d) amino acids 947-967 of tetanus toxoid 6/9 

e) amino acids 288-302 of measles virus protein 6/12 

f) amino acids 16-33 of hepatitis B viral protein 6/14 

g) amino acids 3 1 7-336 of malaria CSP protein and 6/17 

h) mixtures of said epitopes a) to g), and 6/29-7/2 

squalane and/or squalene as an emulsifying agent and an adjuvant. 4/13, 2/8, 2/4 
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2. Vaccines for treating colon cancer comprising: 4/29 
an antigenic conjugate consisting of 

a) an antigenic polypeptide fragment consisting of all or part of 23/1 8-2 1 

amino acids 101 to 145 of the beta subunit of human chorionic gonadotropin 24/23 

and b) an antigenic polypeptide fragment analogous to the beta 

subunit of human chorionic gonadotropin selected from the group consisting 

of all or part of structures 

XXV, XXVI, XXVH, XXVffl, XXIX, XXX and XXXI 27/16-29, 28/1-16 

wherein the two cysteine residues are linked to form a disulfide bridge. 26/1 1-15 



(Structure XXV) 

Cys-Pro-Ser^cf-Lys-AfK-VaW^Pw^Val-Dc-Lcw- 
Prt^Pto-Mct-Pro-<3i>-Axg-VaJ-Cys; 

(Structure XXVI) 

(Structure XXVH) 

Cys-Pr(>-Tlu--Ma-Tlir-A^-Val-L«i^-Gfy-VaJ-I^»- 
Pfo-AIa-Lcu-Pto-can-Val'Val-Cys; 

(Structure XXVUT) 
Cy^Tyr-Tlar-A^A^I^Vat-TyT-Lys-A^PK»-Al»- 
Ax^Pn>-l->^-ne-Gln-Lys-Thr-Cys; 

(Structure XXIX) 
Cy s-Tyi^Tlu'- Arg-A^Lc^ V J-TyTgLys^ Asp^Ptu - Ala- 
Arg-Pro-Lys-nc-Oa-Lys-Tlir-Cys; 

(Structure XXX) 
Cy5-P)^Sc*-Met-V^A^-Va^llir-Pio-AJ»-Al»-3-<ru- 
Pro-Ala-ne-l'to-Can4Vo-Vai-Cys; 

(Structure XXXI) 
Cys-Met -Thr-A*E Asp-fl c-Asp-Cay-Lys-Lcu-Phr-JLci*- 
PiD^ys-Tyr^AI^I^tt^cT-Gl^Asp-Val-Cys. 
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,said antigenic polypeptide fragments a) and b) modified by 

conjugation at the N-terminus or C-terminus with a carrier 5/8 

consisting of a spacer peptide containing from about 2-8 amino 6/22-23 

acids and either a diphteria toxoid or a peptide fragment selected 2/8 

from the group of epitope sequences consisting of 5/9 

a) amino acids 580-599 of tetanus toxoid 5/30 

b) amino acids 830-844 of tetanus toxoid 6/3 

c) amino acids 91 6-932 of tetanus toxoid 6/6 

d) amino acids 947-967 of tetanus toxoid 6/9 

e) amino acids 288-302 of measles virus protein 6/12 

f) amino acids 16-33 of hepatitis B viral protein 6/14 

g) amino acids 3 17-336 of malaria CSP protein and 6/17 

h) mixtures of said epitopes a) to g), and 6/29-7/2 

squalane and/or squalene as an emulsifying agent and an adjuvant. 4/13, 2/8, 2/4 

The vaccine according to claim 2, wherein said antigenic polypeptides are 24/26 
combined to form a fiisionpeptide prior to conjugation. 

The vaccine according to claim 2, wherein said antigenic polypeptides 24/28 
a) and b) are separately conjugated to the carrier. 

The vaccine according to claim 2, wherein said antigenic polypeptides 24/29-25/2 
a) and b) are conjugated to different carriers. 



The vaccines according to claims 1 and 2, wherein the diphteria toxoid 41/16-21 
is a reaction product of diphteria toxoid with ethyl enediamine. 

The vaccines according to claims I and 2, wherein the antigenic conjugate 4/8-10 
comprises 20-30 polypeptides per 10 5 daltons of the modified diphteria toxoid. 

The vaccines according to claim 1 or 2, containing additionally 4/14-15 
mannide monooleate and aluminium monostearate. 

The vaccine according to claim 8, comprising by weight from 4/1 5-17 
35 to 45 percent of squalene, from 35 to 45 percent of squalane, 
from 6 to 16 percent of mannide monooleate and from 1 to 5 
percent of aluminium monostearate. 
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10) The vaccine according to claims 1 and 2, wherein the adjuvant is 4/1 1 
N-acetyl-D-glucosamine-3-yl-acetyl-L-ala-D-isoglutamine (nor muramyl 
dipeptide). 

1 1) The vaccine according to claims 1 and 2, comprising 0.2 to 1 .0 mg of the 4/22 
adjuvant per ml vaccine. 

12) The vaccine according to claims 1 and 2, wherein the content of the antigenic 4/21 
conjugate is 0.5 to 2.0 mg per ml vaccine. 

13) The vaccine according to claims 1 and 2, wherein the vaccine comprises 4/23 
equal volumes of an aqueous phase and the emulsifying agent. 

14) The vaccine according to claim 12, wherein the aqueous phase is 3/25 
phosphate-buffered saline. 

25 1 5) Antibodies obtainable by administering the vaccines according to claims 2/10-13 
1 to 14 to a mammal and recovering the antibodies and/or lymphoma cells 
from the mammal. 
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1 6) Antibodies according to claim 1 5 as an active therapeutic substance. 2/17-18 

1 7) Antibodies according to claim 1 5 for use as an active substance for treating colon 
cancer. 
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(54) Vaccines for treating colon cancer 

(57) A vaccine, useful for fertility control and cancer 
treatment, comprises an antigenic conjugate of a protein 
reproductive hormone, a fragment of such a hormone, 
or a peptide substantially immunologically equivalent to 
such a hormone or fragment conjugated with a chemi- 
cally-modified diphteria toxoid, and an adjuvant both 
dispersed in an aqueous medium and emulsified with a 
mixture of oils. An antigenic conjugate which can be 



used in this or a similar vaccine, comprises a protein 
reproductive hormone, a fragment of such a hormone, 
or a peptide substantially immunologically equivalent to 
such a hormone or fragment, coupled to an epitope pep- 
tide having the sequence of at least one T cell lym- 
phocyte epitope of a protein foreign to the animal to be 
treated with the conjugate, or a sequence substantially 
immunologically equivalent to such an epitope. 
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